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INTRODUCTION 

The tests  reported herein were made on soi l  samples rep- 
resentative of Borrow Area 13 which was proposed for  use  a s  canal- 
lining material  fo r  laterals  and sublaterals in Unit No. 1 of the Madera 
Irrigation District. 

Borrow Area 13 is located 7 miles south and 5 miles  west of 
Madera, California, on County Road 7-E, The location map is shown 
in Figure 1 and the plat location with the location of samples in the 
borrow a r e a  is shown in F i y r e  2. 

Twenty-nine sack samples were  transmitted to the Earth 
Laboratory by letter dated March 26, 1952, from the Construction 
Engineer, Friant,  California, to the Chief Engineer under the sub- 
ject " ~ a r t h  samples, proposed Borrow Area No. 13--Madera Con- 
struction Division--Central Vailey Project. " The let ter  requested 
tests  on the soi l  to determine suitability for  earth canal. lining and 
compacted embankments. Also, a request was made to determine 
the amount of alkali present and its effect on canal embankments 
caused by leaching action. 

.d SOIL TESTS 

Visual classifications of the material  f rom Borrow Area  13 
indicated that i t  would probably be suitable fo r  compacted embankment 
but that i t  lacked the cohesion necessary for  a suitable canal lining. 

*See Laboratory Reports No. Hyd-358 and EM-303 



were selected for gradation, specific gravity, compaction, permea- 
bility and Atterberg limits tests, and portions of the representative .. 
samples were submitted to the Chemical Engineering Laboratory for 
quantitative alkali tests. 

s 

A summary of the soil  tes ts  is shown in Table 1. The gra- 
dation curves a r e  in Figures 3 through 5 and the compaction curves in 
Figures 6 through 9. Quantitative tests  on the soi l  samples submitted 
to the Chemical Engineering Laboratory showed that the soluble sul- 
fate content of al l  samples was below 0.04 percent. Also, electrical 
resistivity tests  ~ r o d u c e d  very low values. This indicates that the 
leaching of sa l t s  f rom the soil  in  an embankment would be negligible 
and would not affect the soi l  stability. 

HYDRAULIC MODEL STUDIES OF EARTH MATERUL 

The soil  in question was nonplastic and ordinarily would be 
rejected for use a s  canal-lining material. Little information concern- 
ing the use of such soil  f o r  this purpose is available. In an effort to 
obtain such information, a model canal section using the mater ia l  as 
a lining was constructed in the Hydraulic Laboratory and subjected to 
flowing water of various boundary shears.  The model study was the 
f irs t  of i t s  type conducted in the Hydraulic Laboratory. Due to the 
limited time available fo r  the study and the lack of sufficient person- 
nel, the tests  were undertaken with a view of taking only limited data. 
These data a r e  plotted and discussed in the succeeding pages. Quan- 
tities of soil  sufficient fo r  the lining in the model were obtained by 
forming a composite sample of field samples not used for the soil  
tests mentioned above. A representative sample of the material  used 
for the hydraulic tests  was also subjected to the soi l  tests enumerated 
in the preceding paragraph. 

Construction and Operation of the Model 

The model, in which the tests  on the earth-lining material  
were made, had no geometric scale relations to the prototype struc- 
ture. The action of the earth-lining material  under the boundary 
shears  actually occurring in the prototype was desired. As it is known 
that the boundary shear varies with the velocity, the model was de- 
signed s o  that the average velocity could be varied to values above and 
below the prototype design velocity. The model was built in an exist- . 
ing flume, which was constructed of timber lined with sheet metal, 
and which had cross-sectional dimensions 2 feet wide and 2 feet deep. 

t 

A s  shown in Figure 10, the model consisted of a head box, a rock 
baffle, a 12-foot approach section to a compacted earth section 12 
feet long, a 5-foot section downstream from the compacted earth 
section, a gravel transition to the flume, and a tailgate for controlling 
the depth of water in the model. On the left s ide of the channel was a 
glass window through which the compacted earth section could be 



lined sec t ionand  the skction downstream f r o m  it were  built of cement 
grout supported by wire  mesh  on a wooden framework. In c r o s s  section . they represented a par t ia l  section of tile prel iminary canal design cut 
off by a ver t ica l  wall of tin and glass. The portion of the cana l  s e p r e -  
sented consisted of a 6-inch bottom and a s ide  s lope of 1.-1/2:1. The 

v ear th  sect ion was placed and compacted over  s t e e l  plates that had been 
laid on the flume floor with coa r se  sand compacted around them. The 
s t e e l  plates were  used to reduce the res i l ience  of the floor s o  g rea t e r  
density could be obtained by hand compaction. The s ide  s lope and 
bottom width of the compacted ea r th  sc?ction w e r e  var ied fo r  the dif- 
fe ren t  tes ts .  General  over-al l  phctographs of the prel iminary design 
a r e  shown in  F igure  11. Water for  the tes t s  was measured  by a 6 -  
inch venturi  meter  in the supply line, and the discharge was var ied by 
the manual operation of a valve nea r  the head box. The depth of water 
in the model was controlled by ra i s ing  and lowering the tailgate in the 
channel. Water-surface elevations were  read  by means  of hook gages 
in stilling-wells outside the channel. C r o s s  s e c t i o r ~ ,  w e r e  taken be- 
fore  and af te r  each run a t  Stations 0-tO3.9, 0+05.9, 0t07.9, 0+09.9, 
and 0+11.9 when these stations w e r e  not in a transit ion a rea .  The 
c r o s s  sect ions were  taken with a point gage mounted on a level  alumi- 
num channel support. A network of velocity readings was taken a t  
each appropriate c ross -  sectional station. Velocities were  determined 
with a pygmy r u r ren t  m e t e r  mounted on the level  channel support. F o r  
each tes t  photographs w e r e  taken of the water-surface conditions and 
the scour  pattern. Photographs showing the gradation of su r face  mate-  
rial were  taken when a grave l  cover  was used over  the compacted ear th ,  

Placement of Soil - 
The composiie soil sample  used f o r  lining was brought up io  

optimum mois ture  content (13.6 percent of the d r y  weight of soi l )  by 
mixing water  with the s o i l  ir! a hand-shoveling operation,, The so i l  was 
compacted in thin l a y e r s  to a depth of 5 inches in the test  section rep- 
resentative of a portion of the canal  bottom and one s ide  s lope (see 
Figure  10). Density tes t s  on the s o i l  were  made  by forci.ng a sma l l  

I 
s t ee l  ring of known volume into the  so i l  and obtaining the weight of 
so i l  in the ring. The average  of the density test  resu l t s  showed that 
the dry density of the lining as placed in  the model was 95.  3 percent 
of the standard laboratory maximum d r y  density. The maximum d r y  
density was 114.8 lb  p e r  cu ft .  

Statement of Hydraulic Problem 

a It is generally known that water  flowing in  a n  open channel 
has a velocity distribution that va r i e s  throughout the depth--the var -  
iation depending on the type of flow. F o r  most  open channels, turbu- 
lent flow occurs  throughout most  of the depth. As explained by H. A. 
Einstein in Technical Bulletin No. 1826, United States Department of 
Agriculture, the velocity distribution fo r  open channels is best de- 
scr ibed by the logarithmic formulas  based on Von Karman's  s imi la r i ty  



given for two cases: the f i r i t  case, asshown & Figure l2a, repre- 
sents a condition where the boundary is smooth and a laminar sublayer 
exists near the boundary; the second case, a s  shown in Flgure 12b, 
represents a condition of turbulent velocities from zero velocity to 
the water surface. A formula derived from Von Karrnanls universal 
logarithmic velocity distribution law by V. A. Vanoni (Civil Engineer- 
inR, June 1941) agrees with the above formula in the turbulent range 
of flow. 

A s  pointed out by E, W. Lane in his " ~ r o g r e s s  Report on 
Results of Studies on Design of Stable Charnels, " Report No. Hyd- 
352, when a particle is resting on a level bottom of a canal the force 
acting to cause motion is that due to the motion of the water past the 
particle. If scour is to be prevented, this motion must not ,be rapid 
enough to produce forces on the particle sufficiently large to cause 
i t  to move. From the general velocity distribution curves of Figure 
12 it may be seen that the velocity distribution near the bed plays an 
important part in moving the particle. The higher the velocity gra- 
dient past a given particle thelarger the force acting on the particle. 
Therefore, the slope of the velocity distribution curve near the bound- 
ary plays an important part in moving the sediment load. It is doubt- 
ful that the velocities which cause the bed load to move can be corn- 
pared by comparing mean velocities in the model and prototype, but 
could be compared on the basis of the velocity distribution near the 
boundary. Due to the limited time of the study and the equipment - 
available at the time, it was deemed impractical to measure veloc- 
ities nearer to the boundary than about 0.1 of the depth o r  0.06 foot. 
Irr an attempt to compare velocity distributions in the model and pro- 
totype, the actual velocity distributions in the model, for values 
above 0.1 of the depth, a r e  plotted with the Vanoni theoretical veloc- 
ity distribution in the model and prototype, using the dimensionless 
ratio ~ / d .  

A s  the present knowledge of velocities near the bed is 
limited, the bed-load movement is usually related to the average 
boundary shear at the bed (To = wds), where To is the average 
boundary shear, w is the specific weight of water, d i s  the depth of 
flowing water and s is the slope of the energy gradient. The result 
from this method is valid for a bed near the center of a wide channel. 
For  the bed of a narrow channel the tractive force i s  usually given 
a s  (To = wrs) where r is the hydraulic radius and the other symbols 
have the same meaning a s  in the preceding formula. For  side slopes 
of trapezoidal ar other channels, a correction factor must be applied. 
Figure 13 shows the average boundary shear of the model and proto- 
type plotted against the velocity. It is recommended that, in addi- 
tional studies of this type, equipment for  measuring velocities nearer 
the bed be developed. 

Further information regarding the movement of material by 
velocities in the boundary layer and the relation of the tractive force 
to velocities near the bed may be obtained from G. H. Keulegants 

I 



Standards Research paper ~ ~ 1 1 5 1 ,  and from A. A. Kalinskels 
11 I 1  Movement of Sediment a s  Bed Load in Rivers, Transactions 

" American Geophysical Union, Volume 23, August 1947, pp. 615-620. 

Hydraulic Model Tests  
V 

Each model test consisted of recording the changes in the 
compacted earth lining under the action of flowing water and deter- 
mining the boundary shear  acting on the compacted earth lining. 
The design velocity in the preliminary design for  the prototype 
lateral  was 1.14 fps. In the model tes ts  the average velocity was 
varied between the approximate velocities of 0.8 and 2 fps. In 
order  to create the higher velocities in the channel, the slope of the 
channel bottom was designed for normal flow at a velocity of 2.5 fps 
and a depth of 0.8 foot. To keep the model flowing ,at a desired 
depth and velocity, below 2.5 fps, at  a given station i t  was necessary 
to ra i se  the tailga.te slightly. This created a back-water curve with 
flow greater  than normal depth, and as a result, the depth of water 
varied slightly from station to station, the depth decreasing with the 
distance upstream from the tailgate. The decrease was slight, a$- 
though measurable, and it  seemed to have very'little effect on the 
velocity distribution. As i s  shown in the following pages, a reason- 
able prediction sf a portion of the theoretical vert ical  velocity dis- 
tribution in the prototype and the general action of the lining mate- 
r i a l  under the velocities occurring may be obtained by use of the 
model data. 

The section f irs t  tested in the model proved unsuitable, 
therefore, two additional side slopes, 1-3/4:1 and 2:1, and sand- 
gravel blankets, to cover the earth and stabilize the slopes, were 
tested. The sand-gravel blankets were  of two different gradations, 
one with a 3/8-inch maximum s ize  and the other with a 314-inch 
maximum s ize  (see gradations in Figure  5). The grading was sim- 
i la r  to that from a n  aggregate deposit (Los Banos) which could be 
used for the laterals  of the Madera Irrigation District. 

A description of the various earth sections tested in the 
hydraulic model and the resul ts  of the tests  a r e  presented in the fol- 
lowing pages. 

u Test 1 (preliminary d e s i ~ n ) .  The preliminary cornpac ted 
earth test section was of the same  dimensions a s  the constructed 
sections upstream and downstream, It consisted of one vert ical  wall 

j of tin and glass, a 6-inch-wide bottom of compacted earth, and one 
1- 112: 1 side slope of conlpacted earth, as shown in  Figures 10 and 11. 
The model was filled slowly, from the downstream end, with a garden 
hose and a discharge of 0.655 cfs was se t  in the supply line. As the 
discharge was set,  the tailgate was manipdated s o  that the depth of 
water at the end of the test  section remained constant at  0.80 foot. 
The average velocity occurring i n  the test section for  this depth and 



at-the p;eceding'conditions f o r  a period of 23 hours. After al l  data 
necessary were taken, the model was turned off and the tailgate manip- 
ulated s o  a s  to maintain the 0.80-foot depth, The water was then grad- 
ually lowered f rom the compacted earth test section over a period of 
4 hours. In a l l  tests  the same  procedure was used in filling and 
draining the model. 

Immediately after flow started over the test section, it was 
noticed that the water became cloudy with suspended sediment. In a 
few minutes the water began to clear  and remained c lear  for the re-  
mainder of the operational period. When the water became clear,  
loose particles on the surface of the compacted earth were observed 
rnoving diagonally down the side slope. The particles appeared to 
stop about halfway down the side slope; but af ter  running the model 
overnight, they appeared to have continued to the bottom of the chan- 
nel. A few very smal l  sand riffles formed af ter  approximately 8 
minutes of operation, but smoothed out af ter  a few hours. The lining 
appeared to stand exposure to the flowing water very well, but it be- 
came very soft to the touch during the la ter  stages of operation. De- 
trimental sloughing, a s  shown in Figure 14, was noticed when the 
water was lowered in the test channel, The sloughing began when the 
water surface had been lowered about 0.1 foot below the test level and 
continued until the water had been completely withdrawn. 

The cross-sectional data taken before and after  the test run 
a r e  shown plotted in Fig r e  15, F rom these data a slope of the energy 

11 I 1  grade line of 3.75 x 10-41and a Manning's n value, for the compacted 
earth, of 0.019 was calculated (Table 11 and Appendix I), Velocity 
measurements; taken in the model at  0.70 foot from the vertical wall, 
a r e  shown plotted on Figure 16, These plotted points a r e  shown in 
the form of a dimensionless rat io (y/d) plotted against the velocity. 
A curve, representing the average velocity distribution occurring in 
the plane (0.70 foot from the vertical wall), has been drawn through 
the plotted points. The average velocity occurring in the plane is 
taken a s  the velocity which occurs a t  0.63 of the depth below the sur-  
face. The depth is computed from the Von Karmen formula a s  pre- 
sented by V. A. Vanoni, 

v = v + ~  Vgrs (1 + 2.3 log 3). 
in which a logarithmic velocity distribution is assumed and the t e rms  
a r e  defined as : 

V = the velocity at any distance y from the bottom of the 
channel 

= the average velocity in the plane 

k = Von Karrnen's universal constant having a value of 0.4 



r = the hydraulic radius 

s = the slope of the energy gradient 

4 
y = the distance above the bottom of the channel to any point. 

d = the depth of flowing water 

The hydraulic radius r instead of the depth d was used in the t e rm 
in an  attempt to compensate for the difference in shape between 

model and prototype. The hydraulic radius with reference to the com- 
pacted earth, according to a method presented by Dr. H. A. 
Einstein in Paper No. 2140 of the ASCE Transactions ( see  Appendix 1) 
was used in the formula for calculating the velocity distribution in the 
model. The average velocity occurring in the plane was read f rom the 
plotted curve of velocities measured in the model. Using this average 
velocity, the theoretical vertical velocity distribution, a t  the center 
line of She prototype, was computed and plotted in dimensionless form 
in Figure 16. For  a l l  calculations of the prototype normal flow is 
assumed to exist, On the same  figure the theoretical velocity dis- 
tribution occurring in the model is also plotted. As may be seen 
from a study of Figure 16 the curves a r e  in good agreement between 
the values of y = 0.2d and y = 0. ad--the maximum deviation being 
approximately 3 percent. Due to the smal l  depth in the model and 
the limitation of the instruments available, very few data were taken 
above o r  below these depth ratios. 

The hydraulic radius with reference to the compacted ear th  
is used in computing the average boundary shear  for the model. The 

1 various boundary shears  for each model test a r e  presented in Table 

~ 2. The boundary shear  acting in the vertical plane 0. 7 foot f r sm  the 

i vertical wall is computed from the average velocity distribution curve. 
A s  may be seen from a study of Table 11, the boundary shear  occur- 

I ring in the plane 0.7 foot f rom the vertical wall is, in general, higher 
I than the average boundary shear  occurring on the compacted earth. 
I Due to the short test section, the difficulty of mzasuring the energy 

gradient accurately, the inability to take velocities close to the bed 
and the necessity of using various questionable formulae in the com- 
putations, it i s  felt that the boundary shear  values shown in Table I1 

I a r e  approximate only. The average boundary shear  th2.t i s  expected 
in the prototype at  normal depths may be seen plotted in  Figure 13. 
As an aid in comparing the boundary shears  that occurred in the 

I model and the bourrdary shears  expected in the prototype, the average 
values for various model tests have also been plotted on the graph of 

I Figure 13, 

Test  2. As the preliminary section proved unsatisfactory, 
s sand- gravel protection blanket was placed over the compacted earth 
for comparison. As shown in Figure 17a, half of the test section 



i t r e a 6  6 feet was b k l t  to the s a k e  c ro s s  section and consisted of the 
compacted earth lining protected by a 2-inch layer  of sand-gravel of 
3/8-inch maximum s ize  (Figure 5). A discharge of 1.05 cfs was set  
and a depth of 0.80 foot was held at Ststion 0+12.00. This created 
an average velocity in the test sectiori of 1.21 ips. The model was 
in continuous operation fo r  a period of 3-  1/ 2 hours. C ros s  sections 
throughout the earth-lined section were taken before and after the test.  

Erosion of the unprotected earth section was considerably 
more  than that of the same  sect;ion in Test  1 with the lower ve1oc:ity. 
A study of the photograph of the model in operation (Figure  17b) re -  
veals the erosion due to the higher velocity. The photograph in Fig- 
u re  18a, and the frontispiece, shows the section after i t  was drained. 
Figure 19 shows that the sand-gravel blanket maintained the original 
canal shape quite well. The small  sand particles on the surface of 
the sand-gravel blanket were washed out, leaving a rough gravelly 
surface exposed. No sloughing occurred in the downstream test sec-  
tion when the water was drained from the model. 

F rom the data taken during the run, a slope of the energy 
grade line of 8. '71 x and a Manning's "n" value, for the earth 
test section, of 0. 019 was calculated, a s  shown in Table 2. As in 
Test  1, velocity measurements were taken and those at 0. 7 foot 
from the vertical wall a r e  shown plotted in the dimensionless form 
on Figure 20. The three curves, representing the actual velocity 
distribution in the m ~ d e l ,  the theoretical velocity distribution in 
the model, and the theoretical velocity distribution in the prototype, 
a r e  shown. The two theoretical velocity distributions were  calcu- 
lated as explained under Test  1. A s  in the preceding test, there i s  
fair  agreement in the velocity distributions between the values y = 
0.2d and y = 0.8d. It will be noticed that near  the surface the actual 
velocity appears to become smaller.  The theoretical velocity dis- 
tribution does not have this tendency. 

The boundary shears  for Test 2 ( s e e  Table 2 )  a r e  higher than 
for Tes t  1. This was due principally to the higher velocities which 
created a s teeper energy gradient. It may be  seen from a comparison 
of Figures 20 and 16, that while the velocity differecce between y = 
0. Id and y = 0.2d w a s  approximately 0 .23 ips  for Test  2; it was only 
0. 14 fps for Tes t  1. . 

Test  3. In Test  3 the compacted earth of the preliminary test 
was p r o t e m y  a 3-inch layer of 3/4-inch maximum sand-gravel 
(gradation shown in  Figure 5). The 12-foot test  section was divided 
into two 5-foot lengths each at different side slopes with 1-foot tran- 
sitions between. As shown in Figure 21, the upstream 5 feet of the 
test section was the same  dimensions a s  Test  1, with a 1 -1/2: 1 side 
slope and a 6-inch bottom width. A 1 -foot transition connected the 
upstream section to a 5-foot test section with a 1-3/4:1 side s..ope 
and a 5-inch bottom width. At the end of the downstream 5-foot section 



another 1-foot transition connected the test section to the formed con- 
c re t e  shape  on a 1- 1/2: 1 side slope. A discharge of 0.824 cfs  was 
maintained throughout Test  3. In o r d e r  to maintain approximately 
the s a m e  freeboard a s  in the previous tests,  a smal ler  depth was 
maintained than f o r  the f i r s t  two tests.  A depth of 0.66 foot was held 
at Station 0+12.00. The average velocity resulting in the test  section 
was 1. 17 fps. The model remained in continuous operation for  a 
period of 22- 1 / 2  hours. 

This  test  indicated that the sand-gravel blanket on the 1-3/4:1 
s ide s lope withstood erosion considerably better than that on the 1-1/2:1 
side slope. The difference i s  noticeable on the c ross  sect ions plotted 
in Figure 22. More sand f ines were  washed f r o m  the sur face  of the 
1-1/2:1  s ide  slope than f rom the 1-3/4:1 s ide  slope. F r o m  a study of 
the photographs in Figure 23 it may  be see?, that although there is a 
distinct demarcation where the water  sur face  existed on the 1-1/2:1 
side slope, the water line is hardly distinguishable on , the  1-Y/4:1 
s ide  slope. No sloughing was observed when the water was drained 
from the model. 

The s l o ~ e , p i  the energy gradient of Test  3 was 6.66 x l o m 4  
and the Manning n value for the compacted earth was 0.0 16. The 
velocity distribution at 0.7 foot f rom the vertical wall is shown in 
Figure 24. A s  in previous tests,  the theoretical velocity drstributions 
a r e  a l so  plotted on this figure. 

Test  4. As in Test 3, the ear th  was protected by a 3-inch 
layer of 3-h maximum s i z e  sand-gravel bianket (F igure  5). At 
the upstream and downstream end of the test section a I-foot transition 
connected the concrete- formed sect ions having a 1- 1/2: 1 s ide  slope to 
10 feet of test  section having a 2:l s ide slope a s  shown in Figure 25. 
The model  was filled slowly and a discharge of 0.830 cfs was maintained 
in the supply line. The resulting average depth and velocity in the test 
section was 0.649 foot and 1.09 ips. The model was operated contin- 
uously for  20 hours. 

With the exception of s o m e  sand s i zes  being washed from the 
sur face  of the sand-gravel blanket, there was little erosion observed. 
The stabili ty of the c r o s s  section can be se.en from a study of the plotted 
data on Figure  26 and the photographs on Figure 27, If the photog1;aph 
of the sand-gravel su r face  on Figure  18b is compared with the photo- 
ifraph of the sand-gravel surface of Test  3, Figure 23, the existence of 
a. d l e r  part ic les  on the 2:l s i d e  slope will be noticed. 

11 11 An energy gradient of 6.70 x and a Manning's n value 
for the compacted earth of 0.017 was calculated. As with previous 
tests, the vert ical  velocity distribution curves,  both actual  and theo- 
retical, a r e  shown on Figure 28. The curves are in good agreement 
over the largest  percentage of the depth.-* 
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higher than 0.03 lb per sq  ft were expected in the prototype canal l t  
was decided to determine the action of the lining under boundary shears . 
of approximately 0.06 lb per sq ft. Consequently velocities as high as 
1.9 fps were set  in Test Sections 3 and 4. The model was operated 
contirruously a t  these higher velocities for  periods ranging from 24 to 6 

48 hours. Observations and data from these tests indicated that some- 
what more erosion of the sand-gravel blankets occurred at the higher 
velocities than occurred at the lower velocities; more fines were washed 
from the surface of the sand-gravel blanket axid it became noticeably 
rougher. The vertical velocity distribution at 0.7 foot from the vertical 
wall and the theoretical velocity distributions revealed poor agreement 
at the higher velocities. The velocity distribution was not as uniform 
as  theory indicated and a much greater  boundary shear resulted. As 
no boundary shears  of the magnitude found in the high velocity tests 
a re  expected in the prototype, no further report on the results  of the 
high velocity teats will be made. 

DISCUSSION OF RESULTS 

The soil used for  the earth-lining material in the f irst  test 
was a fine sand with excess silt. It was nonplastic with very little. 
cohesion. At average boundary shears  of approximately 0.009 lb per 
sq ft the lining eroded very little but sloughed badly when the water 
level was lowered. At higher boundary shears of approximately 0.017 
lb per sq  ft a considerable amount of erosion and sloughing occurred. 
The hydraulic tests showed that this material is  not suitable for a canal- 
lining material. A material with more cohesion i s  necessary to remain 
stable in the canal bottom and on the side slopes. 

The earth-lined section in the model was considerably more 
stable with a sand-gravel protection cover, The 3 /8-inch maximum 
size sand-gravel cover which was  used in Test 2 on a 1-1/2:1 side 
slope eroded slightly more than did the 314-inch maximum s ize  in Test 
3 on the same slope. The erosion of the sand-gravel blankets was 
progressively less in sucessive tests  as the side slope was flattened. 
At the flattest side slope used (2:l) the sand-gravel blanket was rela- 
tively stable at an average boundary shear of approximately 0.017 lb 
per s q  ft. In all tests, sand was washed from the surface of the pro- 
tection cover until larger,  more stable particles were exposed. 

b 

The plots of vertical velocity distribution indicate that vel- 
ocities can be computed with reasonable accuracy over a major a rea  of 
the depth of flowing water. Near the surface the vertical velocity dtstri- 
bution, deviates from the accepted logarithmic velocity distribution 
formula, a s  indicated from this end other model and prototype tests. 
Vel~ci t ies  were taken as close to the bed and surface a s  possible with 

I the equipment available. 



CONCLUSIONS AND RECOMMENDATIONS 

Although the soi l  is suitable f o r  canal embankment, i t  is un- 
suitable for canal lining. At average boundary shears  of approximately 
0. 017 lb pe r  s q  It the material, when used as lining, was subject to 
considerable scour. When water was drained from the section there  
was considerable sloughing of the ear th  material. 

The quantity of soluble sa l t s  present in the soil  is too smal l  
to allow any appreciable leaching action and consequent reduction of 
s o i l  stability in an embankment. 

The use of a sand-gravel blanket over the soi l  in the hydraulic 
model increased the stability of the ea r th  side slope. The blanket with 
3/4-inch maximum s ize  gravel was superior  in this respect to that with 
3/8-inch maximum size. 

The sand-gravel blanket on a 2: 1 s ide  slope resis ted erosion 
considerably better than that on a 1-1/2:1 o r  1-314: 1 side slope. A 
sand-gravel protection blanket with s ide  slopes d 2: 1 is considered to 
resul t  in a s ide slope of sufficient stability for  the prototype la tera l  
in  question. 

The vert ical  velocity distribution was in fa i r  agreement with 
the theoretical logarithmic velocity distribution in all areas measured 
except nea r  the water surface for average velocities below 1.2 fps. 
With equipment available, data nearer  to the bed than 0.1 of the depth 
could not be taken. It is recommended that in future studies where 
deeper channels a r e  available, adZitioaa1 studies of vertical velocity 
distribution and boundary s h e a ~ s  be undertaken. 

11 







FIGURE I 
I T  GEN. 16 





Lab. Sample No.  Excavation 110. 

Central Valley Pro jec t  
;(adera Construction Divf sion 
PROPOSED E(IHRO~~ 210. 13 

1 



a I a d 

HYDROMETLA ANALYSIS I SIEVE ANALYSIS 
TIME READIN00 U.B. (LTANDARD SCRIES I CLLAR 3OUARE OCENINOS 

tSWI.48MIN 7Hl l , I IY IN SOYIN IBYIN 4 UIN 1 YlN -100 . 1 0 0  .SO '30 '16 ' I  .4 1' 4 1 $ 3' 8' 6- go 
I 1 I I ! ---I I I I I 1 1  

a I sol I 1 I I I I I / I I I I I I I i ! 120 I 

I '"t 
I 

I 
I 
I 

I f 

I I 
I 
I 

I 

1 

1 

1 
1 
I 

I 
1 

I 
I 
1 

I 
I 
I I 

I I 
I I 

I 
I I 

I 
I I 

1 

I I 

I I 
I I I 

I 
I I I I I I I I ! 1" I 

OIAMETER OF PARTICLE IN UILLIMLTERS 

CLAY i r L A s r I c )  TO SILT INON-PL*STICI $AND 
FINE I MEOlUM I COARSE COARSE 

NOTES: 
OLPbIITYLNT W T W  1 ~ T C l l O l  

MURCAU Q I I ICCAYATIO*  

n 



Central Valley Project  

t 



M O I S T U R E - P E R C E N T  OF  DRY W E I G H T  

uNITCO S l A l C S  

SOIL PROPERTIES 
OCCIIIY~N~ OP ?rt  1wrtna0l 

mb1Cbu Or I L C L I Y A I I O ~  

SPECIF IC  G R A V I T Y  COMPACTION T E S T  CURVES @ G L A S S ~ F ~ C A T ~ O ~  Central Valley Project 
0 % L A R G E R  T H E N  T E S T E D  

181, D R O P  - 13.0 OPT LIOISTURE (XI 
, F'R0.POSED YOmOW ARFA NO. 13 

C- 

'IfF;n = N  RES AT OPT WIST.(-I) f 
pP,w(r Q Lab. Sample 18D-X30 z c H c c I ~ ~  C Y J  oI1t 5-a-52 











Figure 11 

(a) View of compacted earth lining 
test section in hydraulic model 
prior to s tar t  of test. This shows 
the supply line at the upper end of 
the channel with the rock baffle. 
Also the glass window can be seen 
behind the photography number. 

(b) Water flowing through the model 
during test. The point gage for 
measuring cross  sections can be 
seen by the glass window. In the 
right foreground is the top of a hook- 
gage in a well for measuring water 
surface elevations. 
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(b) Close-up of sloughing of earth lining as 
water level was being lowered. 
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SLOUGHING OF PRELIMINARY DESIGN 
(TEST 1) 
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Y ANY DISTANCE FROM THE BOTTOM 
MOOEL SHAPE OF THE CHANNEL. 

0 * AT STPTION 0 + 11.90 
X . &T STATION 0 +  7 . 9 0  
0 * AT STATION 0 t 3 . 9 0  

PROTOTYPE SHAPE 
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COMPACTED EARTH SECTION ( 

Figure 

(a) Prior to start of test. Up- 
stseam 6 ft of compacted earth. 
Downstream 6 ft of compacted 
earth with 2 inch sand-gravel 
cover of 318 inch maximum size 

(b) Model in operation (Q - 1.05  
cfs) .  Note pygmy current meter 
mounted on aluminum channel sul 
port. 

IF TEST 2 



Figure 18 

(a) Test 2--Close up of sloughing of earth section after 3-112 hours of 
operation (Q = I. 05 cfs) and removal of water. 

(b) Test 4- -Close up of sand-gravel surface after 20 hours of model 
operation, The difference in gradation at the water line can be seen 
near the top of the photograph. Note fines in channel bottom. 
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EARTH LINING AND COVER MATERIAL 
Tests 2 and 4 











(a) View of test section 
after 22-1/2 hours of 
operation (Q=O. 824 cfs). 
The 1-3/4 to 1 slope is 
in the foreground with 
the 1-1/2 to 1 slope in 
the background. 

(b) Close-up of the surface 
of the sand-gravel blanket 
on the 1-1/2 to 1 slope 
after 22-1/2 hours of opera- 
tion (Q=O. 824 cfs). More 
sand fines were washed from 
the surface of this slope than 
on the 1-3/4 to 1 slope. Note 
the tines left in the area that 
was above the water surface. 
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EARTH LINING OF TEST 3 
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(a) View of test section 
before testing. 

(b) View of test section . 
after 20 hours of model 
operation. Some sand 
was washed out near the 
surface but the cross 
sections (Figure 26) show 
very little erosion. 
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ANODEL BEFORE AND AFTER TEST 4 
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then: Aw = RVd = Q.lJ.0 sq ft 
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